A fluorimetric test strips-based strategy has been initially developed for probing trace cysteine (Cys) in hela cells using gold-silver (Au-Ag) nanospheres and metal-organic frameworks of ZIF-8. Bimetallic Au-Ag nanoclusters were first synthesized by the protein-templated biominerization and then harvested by a desolvation route to form Au-Ag nanospheres showing strong fluorescence that could be specifically quenched by Cys. The as-prepared nanospheres were coated onto test strips to be further shelled with ZIF-8 by using a vacuum-aided fast drying route with super-hydrophobic patterns. It was discovered that the so fabricated test strips could not only achieve uniform coatings of fluorescent nano-probes, but also the ZIF-8 shell-enabled improvement of fluorescence, environmental and storage stabilities. In addition to the evaluation of Cys in serum samples, the developed fluorimetric test strips can facilitate the direct detection of Cys in hela cells with the linear concentrations ranging from 0.0032 to 32.0 μM, thus promising for the point-of-care monitoring of low-level Cys for the clinical early diagnosis of some diseases like cancers. Besides, such a proposed protocol forthe fabrication of stable and uniform test strips using MOFs coatings and super-hydrophobic patterns may be tailored for designing various solid-state testing platforms for the extensive analysis applications.
Introduction
Cysteine (Cys) as a sulfur-containing amino acid plays a crucial role in human body with many biological functions in the metabolism and detoxification, especially the intramolecular crosslinking of proteins and reversible redox reactions inside cells [1] [2] [3] [4] . The levels of Cys as amedical biomarker in body (i.e., blood and cells) can be highly associated with many diseases like hair depigmentation, edema, liver damage, skin lesions, and cancers [5] [6] [7] , and capillary electrophoresis coupled with an optical or mass spectrometry detector [8] [9] [10] . Most of them, however, may suffer from some disadvantages like expensive instrumentation, time-consuming analysis procedure, and tedious pretreatment of samples, which may limit the scope of their practical applications especially for point-of-care monitoring. Therefore, exploring a fast, simple, and sensitive sensor for probing Cys is of great interest for the early diagnosis of various diseases.
Fluorimetric biosensors with some attractive analysis properties hold a great promise for delivering a fast and sensitive detection diagnosis in various biomedical settings [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . However, most of fluorimetric analysis technologies with bulky fluorescent spectrophotometer including those for probing Cys [19, 20] , may not be suitable for the direct and point-of-care evaluation of analytes. Alternatively, some efforts have been devoted to the fabrication of solid phase-based fluorimetric sensors like the ones using test strips [21] [22] [23] [24] . Moreover, it is well established that the analysis performances of fluorimetric biosensors can largely depend on the optical and physiochemical properties of fluorescent probes such as the FL intensities and environmental stability [25] . In recent years, noble metal nanomaterials, most known as Au and Ag nanoclusters, have received increasing attentions in serving as the preferable candidates of fluorescent probes, due to their some outstanding merits like high fluorescence (FL) intensities for the fluorimetric detections [26] [27] [28] [29] [30] [31] . For example, Yu et al reported the preparation of Au nanoclusters with tunable optical properties separately for sensing Cu 2+ ions and Ag + ions [32] . Xie's group synthesized Ag nanoclusters for the sensitive detection of Cys [19] . Our group also prepared bimetallic Au nanoclusters with silverenhanced FL for the simultaneous detections of Cu 2+ and Hg 2+ ions [33] . In particular, Au or Ag nanomaterials have been utilized increasingly for the design of fluorimetric test strips [22, 34] . Yet, a formidable challenge regarding the storage and environmental stability (i.e., optical blenching) may be encountered for the fluorescent probes like photosensitive Ag nanomaterials especially coated on test strips, which might prohibit the fluorimetric test strips from the large-scale analysis applications.
In the present work, we seek to fabricate fluorimetric test strips for probing trace-level Cys in hela cells and serum samples by using protein-encapsulated bimetallic gold-silver (Au-Ag) nanospheres. These gold-silver (Au-Ag) nanospheres were initially synthesized to combine with metal-organic frameworks (MOFs) of ZIF-8 acting as the robust fluorescent nano-probes, with the main fabrication procedure shown in Scheme 1. Herein, bovine albumin serum (BSA) was employed as the protein template to fabricate the bimetallic Au-Ag nanoclusters through the biominerization route. The resulting products were further harvested by the desolvation method using ethanol to replace water, thus forming Au-Ag nanospheres. It was discovered that the obtained Au-Ag nanospheres could present considerably high FL intensities that could be specifically quenched by Cys. Moreover, the fluorescent nanospheres were coated onto test strips for sensing Cys, in which a vacuum-aided fast drying route with super-hydrophobic patterns were introduced designedly to suppress the "Coffee stains" toward the uniform strips. Nevertheless, the so fabricated test strips were experimentally explored to display still low environmental and storage stabilities over time. Alternatively, ZIF-8 MOFs were utilized to shell the Au-Ag-coated test strips, achieving greatly improved photo-stability and storage stability. What's more, further enhanced FL intensities of test strips could be expected. Subsequently, the as-prepared fluorimetric test strips were demonstrated in the evaluation of Cys in hela cells and serum samples, showing high analysis selectivity, sensitivity, and reproducibility. To the best our knowledge, this is the first success on the design of fluorimetric test strips coated with Au-Ag nanospheres and MOFs for sensing Cys in biological samples like hela cells.
Experimental section

Reagents
Tetrachloroauric acid (HAuCl 4 , 99.9%), silver nitrate (AgNO 3 ), bovine serum albumin (BSA), cysteine (Cys), alanine (Ala), serine (Ser), leucine (Leu), glycine (Gly), lysine (Lys), phenylalanine (Phe), histidine (His), tryptophan (Trp), trytophan (Try), glutamate (Glu), valine (Val), arginine (Arg), threonine (Thr), asparagines (Asn), isoleucine (Ile), proline (Pro), and aspartic acid (Asp), dopamine (DA), and glutathione (GSH) were purchased from Sigma-Aldrich (Beijing, China). Zinc acetate, 2-methylimidazole, and phosphate buffered saline (PBS) were purchased from Beijing Chemical Reagent Co. (Beijing, China). Hexadecyltrimethoxysilane (HDS), and ethanol were purchased from Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). HeLa cells were purchased from Shanghai SunBio Biomedical technology Co., Ltd. All of the other chemicals are of analytical grade, and all glass containers were cleaned by aqua regia and ultrapure water before usage. Whatman filter papers used for water test strips were purchased from Sigma-Aldrich (Beijing, China). Deionized water (18 MΩ) was supplied from an Ultra-pure water system (Pall, USA).
Apparatus
The fluorescence (FL) measurements were conducted using Fluorescence spectrophotometer (Horiba, FluoroMax-4, Japan) operated at an excitation wavelength at 470 nm, with both excitation and emission slit widths of 5.0 nm. Transmission electron microscopy (TEM, JEM-2100PLUS, Japan) imaging operated at 100 kv was employed to separately characterize the morphological structures of Au-Ag and Au-Ag@ZIF-8 nano-probes. The Cys Assay Kits was purchased from Sigma-Aldrich (Beijing, China). The Table centrifuge (Thermo Scientific, Deutschland) was used in the preparation and purification procedures.
Synthesis of Au-Ag nanospheres
BSA powder was dissolved in water with a concentration of 40 mg/ mL and pH 9.0 adjusted. The BSA solution was first stirred for 2.0 h at room temperature and then overnight (8 h) at 4°C to complete the hydration of protein molecules. An aliquot of HAuCl 4 (2.0 mL, 10 mM) was added to the above treated BSA (2.0 mL, 40 mg/mL). Then, AgNO 3 (0.80 mL, 8.0 mM) was added under vigorous stirring for 5.0 min at 37°C. Afterwards, NaOH solution (0.20 mL, 1.0 M) was introduced in the mixture to be incubated at 37°C for 12 h. Further, the resulting solution was dialyzed in water for 48 h. Moreover, the resulting BSAencapsulated Au-Ag nanoclusters were desolvated with ethanol according to a modified route previously reported [35] . Typically, ethanol was introduced by drop wise at the BSA-to-ethanol volume ratio of 1/4 under the constant stirring at 1200 rpm by using a syringe pump with a flow rate of 1.0 mL per minute. After the desolvation, the suspensions were diluted in water (1/100) so as to reduce the concentration of desolvating agent below 1.0%. The so yielded Au-Ag nanospheres were stored in dark at 4°C. 
Preparation of fluorimetric Cys test strips
The Cys test strips were fabricated by being coated first with Au-Ag nanospheres and then ZIF-8 according to a modified preparation route reported previously [22] . Herein, the test strips were fabricated by using the super-hydrophobic patterns to work with the fast drying in vacuum, which would aid to depress the formidable "coffee strains" to achieve the uniform coatings of fluorescent nano-probes on test strips. Herein, the super-hydrophobic patterns were fabricated by coating HDS onto the glass substrates (72 × 24 mm 2 ) that were firstly cleaned with the piranha solution (H 2 SO 4 : H 2 O 2 = 7 : 3), and then thoroughly washed and dried in nitrogen. Furthermore, the cleaned substrates were dipped into the HDS solutions in ethanol to be reacted for 6.0 h at room temperature. The so prepared super-hydrophobic HDS patterns were kept in the sealing drier for future usage. Moreover, glass filter papers were cut into the slices of test strips (10 mm × 10 mm), and then immersed into the Au-Ag suspension (0.20 mg/mL) for 10 min. After that, the resulting strips were immediately placed onto the super-hydrophobic HDS patterns above to be dried in vacuum for 20 min. Furthermore, the strips were dipped into the mixture containing zinc acetate dihydrate (40 mM, 2.0 mL) and 2-methylimidazole (160 mM, 2.0 mL) for 8 min. After that, these strips were immediately placed onto the super-hydrophobic HDS patterns again to be dried in vacuum for 20 min. The so obtained Cys test strips were stored in dark for future use.
Fluorimetric test strips-based analysis for Cys
The detection conditions of the fluorimetric test strips-based assays were firstly optimized, mainly including pH values (1.0, 3.0, 5.0, 7.0, 9.0, 11.0, and 13.0), temperature (4.0, 20.0, 37.0, 50.0, 70.0, and 90.0°C), ionic strengths (0, 100, 200, 300, 400, and 500 mM NaCl) and reproducibility (seven times). Under the optimized conditions, the fluorimetric Au-Ag@ZIF-8-based test strips were applied for probing Cys with different concentrations in buffer (0.0010, 0.0050, 0.010, 0.050, 0.10, 0.50, 1.0, 5.0, and 10.0 μM). The Cys-induced FL quenching efficiencies of test strips were recorded by the FL spectrometer with a holder for the solid-state FL measurements. In addition, the control tests were separately conducted accordingly for different analytes (1.0 μM) of amino acids (Cys, Ala, Ser, Leu, Gly, Lys, Phe, His, Trp, Tyr, Glu, Val, Arg, Thr, Asn, Ile, Pro, and Asp), DA, GSH,Cu 2+ , Na + , Mg 2+ , Ca 2+ , Zn 2+ , Fe 2+ , and Fe 3+ ions. Herein, the quenching efficiencies were calculated according to the following equation: quenching efficiencies = (F 0 -F)/F 0 × 100%, where F 0 and F refer to the FL intensities of the Au-Ag@ZIF-8-based test strips in the absence and presence of Cys, respectively.
Preliminary application of test strips for probing Cys in samples
The extraction of intracellular Cys from Hela cells was first performed according to the reported procedure [36] . Typically, hela cells lines were incubated in DMEM containing glucose and fetal bovine serum (10.0%) in a humidified incubator (5.0% CO 2 -95.0% air) at 37°C. After being harvested through trypsinization, the cells were centrifuged (3000 rpm, 5 min), washed, and then re-dispersed in PBS solution. Furthermore, the cell lysates were obtained using Radio immunoprecipitation assay lysis buffer (100 μL) to be further centrifuged (12,000 rpm, 20 min). The intracellular Cys concentrations in the resulting samples of supernatants were determined according to the colorimetric instruction available in the Cys Assay Kit. Subsequently, the Au-Ag@ZIF-8-based test strips were applied for the fluorimetric evaluation of Cys of different concentrations spiked in hela cells extractions (0.00032, 0.0020, 0.032, 0.10, 0.32, 1.0, 3.20, 10, and 32.0 μM), of which the Cys-induced FL quenching efficiencies were recorded by the FL spectrometer with a holder for the solid-state FL measurements. Besides, the fluorimetric test strips were accordingly employed to evaluate Cys with different concentrations spiked in human serum. All the experiments of sample analysis were performed in compliance with the Ethical Committee Approval of China, and approved by the ethics committee at Qufu Normal University.
Results and discussion
3.1. Main procedure and mechanism for the Au-Ag@ZIF-8-based fluorimetric Cys analysis It is well established that the protein-templated biominerization way is a highly efficient method for the controllable synthesis of some noble metals nanomaterials like Au or Ag nanoclusters [19, 37, 38] , as well as the formation of MOFs like ZIF-8 [30, 31] . In the present work, Au-Ag@ZIF-8 nano-probes were fabricated accordingly for sensing Cys, with the main procedure and mechanism schematically illustrated in Scheme 1A. Herein, bimetallic alloying Au-Ag nanoclusters were first synthesized using BSA and Au/Ag precursors through the biomineralization process. The resulting Au-Ag nanoclusters were further harvested according to a desolvation route by using ethanol to replace water [35] , so as to yield the BSA-encapsulated Au-Ag nanospheres. Further, the obtained nanospheres were encapsulated into ZIF-8 matrix to yield the Au-Ag@ZIF-8, displaying greatly enhanced FL intensities. More importantly, the ZIF-8 shells could be collapsed once dispersed in phosphate-containing buffer like PBS because of the stronger Zn 2+phosphate interactions, of which the released Au-Ag cores would specifically bind with Cys resulting in the FL quenching. Moreover, the asfabricated Au-Ag nanospheres were alternatively coated onto filter papers to be further shelled with ZIF-8 to produce the fluorimetric test strips for probing Cys. The fabrication and sensing procedures are schematically described in Scheme 1B. Notably, a vacuum-aided fast drying route was designedly introduced with super-hydrophobic patterns to suppress the "Coffee stains" through a fabrication route proposed previously in our group [22] , so as to achieve the uniform products of test strips. The developed Au-Ag@ZIF-8-based fluorimetric test strips were applied practically for the real-time evaluation of trace Cys separately in hela cells and serum samples afterwards.
Cys-response performances of the fluorimetric test strips
A comparison of Cys responses was performed between the fluorimetric test strips coated with fluorescent nano-probes ofAu-Ag@ZIF-8 and Au-Ag (Fig. 1A) . It was discovered that the Au-Ag@ZIF-8 test strip could present the enhanced FL intensity (curve a), which is about 1.5time brighter than that of the Au-Ag one (curve c). More importantly, the Cys-induced FL quenching of the Au-Ag@ZIF-8 test strip (curve b) is more than 2.0-time larger than that of the Au-Ag one (curve d). Such a fact can also be visualized comparably for the Au-Ag-coated test strips with and without ZIF-8 shells (Fig. 1A, insert) . Herein, the ZIF-8 shells with nitrogen-containing organic ligands like imidazole groups might conduct the well-known "electron donor effects" towards the increased FL intensities of Au-Ag cores in Au-Ag@ZIF-8, as observed elsewhere for the amine-containing ligands [39] . Particularly, the ZIF-8 matrix might modulate Au-Ag cores within the rigid framework of MOFs so as to spatially separate them in certain orientations in Au-Ag@ZIF-8, thus showing further improved luminescence and enhanced aqueous stability [40] . Especially, the strong Ag-Cys interaction should specifically trigger the FL quenching of the test strips as described elsewhere for the Cys-induced FL quenching of Ag nanoclusters [19] . More importantly, the Au-Ag@ZIF-8 test strips could show much higher FL response to Cys, indicating the vital role that the ZIF-8 shells might play in sensing Cys especially on test strips.
Furthermore, a comparison of UV-vis spectra was conducted between Au-Ag@ZIF-8 and Au-Ag nano-probes in PBS in the presence and absence of Cys (Fig. 1B) . One can note that Au-Ag@ZIF-8 can be suspended well in PBS, which however could become even clear after adding Cys, as visually shown in the photographs (Fig. 1B, insert) . It implies that ZIF-8 shells of Au-Ag@ZIF-8 probes might be collapsed in the phosphate-containing PBS because of stronger Zn 2+ -phosphate interaction to produce zinc phosphate, whereas the released Au-Ag cores would conduct the binding with Cys. Yet, they might display no obvious absorption peak in PBS both in the absence (curve a) and presence (curve b) of Cys, except for the adsorption that might be reduced to some degree after adding Cys. In contrast, Au-Ag probes could present an absorption peak at 275 nm (curve c), which might disappear after adding Cys (curve d). The data indicate that the developed Au-Ag@ZIF-8 nano-probes could response to Cys, in which the introduction of ZIF-8 shells could further improve their performances in sensing Cys.
Fabrication and characterization of nano-probes for sensing Cys
The main fabrication conditions were optimized for the Au-Ag@ZIF-8 nano-probes, in which the Au-Ag nanospheres were fabricated to be further shelled with ZIF-8 (Fig. 2) . As described in Fig. 2 , the largest quenching efficiency induced by Cys at the same concentration was obtained at the Au-to-Ag molar ratio of 25/8,although it might not present the largest FL intensity ( Fig. 2A, insert) .The data indicate that there should be a most suitable Au-Ag proportion in the fluorescent probes (i.e., 25/8) available for specifically binding with Cys towards the FL quenching, as confirmed previously for these with the strongest "silver effect"-enhanced red fluorescence [33] . Moreover, Fig. 2B discloses the effects of the mass ratios of Au-Ag to ZIF-8 on the Cys-induced quenching efficiencies. Obviously, the greatest FL quenching efficiency of probing Cys was achieved at the mass ratio of Au-Ag to ZIF-8 of 1/2, together with the maximum FL intensity (Fig. 2B, insert) .
The topological changing structures of fluorescentAu-Ag@ZIF-8 and Au-Ag nano-probes in probing Cys were comparably characterized by transmission electronic microscopy (TEM) imaging (Fig. 3 ). As can be seen from Fig. 3A , Au-Ag nano-probes could be fabricated with well-defined nanospheric structure with the size of about 100 nm in diameter, consisting of numerous alloying Au-Ag nanoclusters, as revealed apparently in the amplified image (insert). Once Au-Ag nanospheres were encapsulated into the ZIF-8 matrix, the so yielded Au-Ag@ZIF-8 could exhibit the defined cubic structure of ZIF-8 MOF profile with a length of about 1.0 μm (Fig. 3B ), as clearly shown in the amplified view (insert). More interestingly, when Au-Ag@ZIF-8 nano-probes were dispersed in the phosphate-containing PBS, the ZIF-8 shells could be collapsed to release Au-Ag cores (Au-Ag nanospheres) because of the formation of zinc phosphate as aforementioned (Fig. 3C) . Moreover, Fig. 3E manifests a high-resolution image of the released Au-Ag cores, showing that they were filled with Au-Ag nanoclusters with a size of about 5.0 nm in diameter. Furthermore, after Cys was added, most of these Au-Ag cores could be cross-linked and then aggregated (Fig. 3D) . In particular, Cys would also enter and interact with the BSA-encapsulated Au-Ag nanoclusters resulting in the structure decomposition as disclosed in the high-resolution image (Fig. 3F) . Importantly, the Cys-induced structure change of Au-Ag cores could trigger the FL quenching of Au-Ag@ZIF-8 as demonstrated in Fig. 1A above. Such a phenomenon might be attributed to two reasons. On the one hand, the introduction of zwitterionic Cys with isoelectric point of 5.02 might bind with BSA-encapsulated Au-Ag cores (nanospheres), which were released from the Au-Ag@ZIF-8 dispersed in PBS, so that the preferential self-assembly of nanospheres would occur in an end-to-end fashion through a two-point electrostatic interaction towards the agglomeration of nanospheres leading to the FL quenching ( Fig. 3D) , as described elsewhere for the Cys-bound Au nanorods [41] . On the other hand, Cys with thiol groups would enter the Au-Ag cores to etch Ag atoms on their surfaces due to the strong Ag-S interactions [19] . As a result, the structure decomposition of Au-Ag nanoclusters might take place yielding the smaller ones or even the nonluminous thiolate-Ag (I) complexes (Fig. 3F ). Yet, the detailed mechanism should be further explored in the future work. 
Environmental stability of Au-Ag@ZIF-8-coated test strips
The fluorimetric Cys test strips were fabricated by being coated first with Au-Ag nanospheres and then ZIF-8 MOFs aforementioned. The environmental stability of the so prepared fluorimetric test strips were investigated in sensing Cys under the harsh conditions, in comparison with the ones without ZIF-8 shells (Fig. 4 ). Fig. 4A manifests a comparison of storage stability between the Au-Ag-coated test strips with and without ZIF-8 shells. It was found that the ZIF-8 shells could endow the test strips with basically maintained FL intensities, even stored for eight months (black), whereas the ones without ZIF-8 shells could display some decays in the FL intensities (red). Fig. 4B exhibits the comparable results of optical stability among the Au-Ag-coated test strips with and without ZIF-8 shells, which were separately exposed to the xenon lamp over different time intervals. One can note that the ZIF-8-shelled test strips could display no significant change of FL intensities even exposed to the strong light up to 5.0 h (black), in contrast to the ones without ZIF-8 shells showing a dramatically decreased FL intensities (red). Accordingly, the introduction of ZIF-8 shells to the test strips with improved environmental stability against possible light bleaching and self-quenching in storage. Besides, further improved FL intensities could also be attained for the developed Cys test strips as validated in Fig. 1A above. 
Selective tests of fluorimetric Cys test strips
The fluorimetric sensing selectivity of the developed Cys test strips with Au-Ag@ZIF-8 coatings was systematically explored for probing Cys in comparison with some possibly co-existing substances including amino acids, GSH, dopamine (DA), and some metal ions like Cu 2+ ions (Fig. 5 ). It was found from Fig. 5A that the tested amino acids exhibited no FL change of test strips, as apparently shown in corresponding photographs (Fig. 5A, insert ). Yet, GSH and Cu 2+ ions could trigger the FL quenching of the test strips to some degree, of which the quenching efficiencies, however, were much smaller than that of Cys. Of note, it is established that the concentrations of GSH in hela cells are commonly at the fmol-scale [42] , which is too low to conduct any effect on the practical detection of Cys with much higher μMlevel in hela cells [43] . Also, the possible effect of Cu 2+ ions on the Cys detection could be circumvented by adding the Cu 2+ chelating reagent of EDTA. More importantly, the fluorescent responses of test strips to Cys separately coexisting with the other analytes were investigated, showing no significant interference on the Cys analysis (Fig. 5B) . The data indicate that the developed fluorimetric test strips could serve as the robust testing platform for the selective detection of Cys in some complicated biological media like cell extractions and blood.
Main analysis conditions of fluorimetric Cys test strips
The main detection conditions of the developed Au-Ag@ZIF-8test strips for probing Cys were optimized (Fig. 6 ). The fluorimetric responses to Cys were firstly studied under different pH conditions, showing the optimal pH value at 7.0 ( Fig. 6A) . Also, the optimal temperature for sensing Cys was determined to be at 37°C (Fig. 6B ). Moreover, one can note from Fig. 6C that there is no significant effect of ion strengths on the responses to Cys, which could be tested in the buffer with NaCl concentrations up to 500 mM. In addition, the detection reproducibility of Au-Ag@ZIF-8-coated test strips for Cys was examined by comparing to the ones without ZIF-8 shells (Fig. 6D) . It was discovered that no obvious fluctuations of Cys responses was witnessed for the test strips during the repeated tests of seven times, in contrast to the ones without ZIF-8 shells. Therefore, the developed fluorimetric test strips can possess improved reproducibility in sensing Cys due to the shelling of ZIF-8 MOFs.
Fluorimetric test strips-based analysis for Cys in samples
Under the optimized conditions, the developed fluorimetric test strips were employed for detecting Cys of different concentrations spiked in buffer (Fig. 7) . As shown in Fig. 7A , increasing Cys concentrations could induce the rationally decreases in the FL intensities of the test strips. Fig. 7B shows a calibration curve of FL quenching efficiencies versus the logarithms of Cys concentrations linearly ranging from 0.0010 to10.0 μM (R 2 = 0.9926), with the limit of detection of about 0.50 nM, estimated by the 3σ rule.
Moreover, the developed fluorimetric method was applied for practically probing Cys with various levels spiked in the samples of hela cells extractions (Fig. 8A ). Accordingly, Cys in cell extractions could be detected over the linear concentration range from 0.0032 to 32.0 μM (R 2 = 0.9849), with the limit of detection of about 2.0 nM, which should be practically feasible for exploring Cys in hela cells with the concentrations of μM levels [43] . In addition, the fluorimetric test strips were employed to evaluate Cys with different concentrations spiked in human serum, showing the linear concentrations ranging from 0.0020 to 100.0 μM (R 2 = 0.9758), with the LOD of about 1.0 nM (Fig. 8B) . Therefore, the fluorimetric strategy of test strips can promise the feasible applications for detecting Cys in cells and serum samples.
Conclusions
In summary, a solid-state fluorimetric strategy with test strips has been initially developed using Au-Ag nanospheres and ZIF-8 MOFs for the detection of Cys in hela cells and serum samples. Herein, Au-Ag nanospheres were prepared by the protein-templated biominerization route and harvested by the ethanol-aided desolvation route. As expected, the resulting nanospheres could present strong FL intensities that could be specifically quenched by Cys, presumably due to the Cysmediated electrostatic interaction for cross-linking nanospheres and Cys-etched Ag atoms on Au-Ag nano-probes surfaces. Furthermore, the fluorimetric Cys test strips were fabricated by being coated first with the Au-Ag nanospheres and then ZIF-8 shells by using a vacuum-aided fast drying route with super-hydrophobic patterns, which could suppress the "Coffee stains" toward the uniform coatings of nano-probes on strips. Moreover, it was discovered that the introduction of ZIF-8 coatings could endow the test strips with dramatically improved environmental and storage stabilities over time in addition to the further enhanced FL intensities. The developed fluorimetric test strips were subsequently applied for the direct evaluation of Cys levels in hela cells extractions (down to about 2.0 nM) and serum with high analysis selectivity, sensitivity, and reproducibility, thus promising the potential applications for rapid and field-employable monitoring of Cys in the clinical laboratory. More importantly, this proposed fabrication protocol for stable and uniform fluorimetric test strips using MOFs coatings and super-hydrophobic patterns may pave the way towards the extensive applications for constructing a variety of solid-statetesting platforms in the biomedical, environmental, and food analysis fields. 
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